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A refolution that vill transform learning in otfi 
society, altering both the aethod? and the content. of eAucation, has 
been lade possible^ by harnessing toiorrov*s poverful coaster 
technology to serve as intelligent instructional 'syst^is. The unlgue 
quality of the coaputer that laJces a revolution pcssiblet^is th,at it 
can serve not only as a cognitive tool but as an active agentr in a 
way that books and television cannot. In this context, a nev paradigiP 
is eaerging that will provide computers with an ability 'to! understai^d 
the learner by representing probl^a-solTing expertise vithin the 
coaputer, building models of the learner* s sJcills, and coaaunicating 
in English rather than prog-rasing letnguages. Three prototypes are 
discussed vhich aanifest soie of the capabilities that could be 
realized in toaorrov's learning environaent. The first explores a 
potential transf oraation technical education throqgh the coaputer 
acting as consultant; the second explores the^ potential for a 
fundaaental change in educational evaluation through the coaputer 
acting as assista^it; and the third explores the potential for- a 
renaissance of education in the .hoae through the coaputer acting as 
coach. (VT) 
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We Are At the Beprvning of an information Revolytion 

We believe that a revolution is possible over the next decade that wi^l 
transfora' learning, in our society, altering both the aethods and the content of 
^giica^ion. This' revolutioh can occur by harnessing Jtowrrcw's powerful coeputer ^ 
technology to serve as Intelligent Instructional Systems' . [ ^ - 

It is clear to those >*o follow the cost projections that powerTul personal 
coeputers will becoae widespread over the next decade. However^ it is beyond the 
vision of many that these personal coaputers can serve as Intelligent, sensitiV^' 
tutors. 



< 



Wo Qne would tlebate tt»at ^coaputers catt.be page turners or rote drill and 
practice monitors. But it aay seea iapossible that they can be insightful 
tutors, responding^ appropriately to a wide range of unanticipated situation.^. 

A new paradiga,. however, is now eaerging. In Qur laboratories at Bplt. 
Beranek and Newaan hnd at HIT, we have fpcussed^on providing coaputers' with an / 
Ability to understand the learner that is, understand his ^renijths und 
weaknesses as well as. his style of learning. This enterprise, the design of . 
Intellijjent Instructional Systems, treats as central first, representing 
•problem-solving expertise within. the ct»iputer, thereby escaping the limitations 
of traditional, fraae-based CAI; second, building aodels of the l^anner's 
skills, thereby being responsive to the needs of the individual; and third, 
cofflounicating in English, 'thereby escaping the straightjacket of computer jargorj. 
(A histpripal pem>«ctlve on this new peradiga is provided in Note I.) ' 

Thaw afe difficult ;prob leas that raise deep questions about the very nature 
laarnl/g. But they are 'problems that we can approach through an 
Intarilisciplinnry 'effort of 4)*ychologistr, aduqators, and computer scientdsti* 



FroB X^is effort is arisi-ng a theory foi^ bridging the gap between a learner's^ 
needs and the ciachinfe's capabilities a theory that will sake^ %hB c&aputer a 
truly personal tool: ^ ^ - ^ \ * > * 

Since 1970 we have been exploring the. coaputer as an intelligent 
Instructional agentV We ei^arked on this endeavor ^because we. saw .the 19?0's as 
prelttde to a sassiv^ xlisseaio^tion of cospHter' technology with truly incredible 
capabilities. 'We believed ^hat while others were successfully nurturing the 
growth of this techhology, \here^ reaainrd a pressing need to uaders^and the 
cognitive isSues^ involved- in its use. ' • * , * 

Prototypes pf the Future^Wust Be Created Today 

We will now dlsctfss thre^ prototypes which sanifest sose^ of the capabilities 
that could be realized^ in tomorrow's learning environeents. The first prototype 
explores a potential transforsaation of techf^ical education through the coeputer 
acting as ' consultant ; the second explores the potential for a fundamental change 
in e4ucationQl e^Qluotion through the cosputer acting as assistant ; * and the 
third explores the pojtential for a renaissance of .etfucation in the home through 



he p^c 

the coBputer act^g^as coach . 



Computers Can Serve As Consultants - * ' 

The first prototype explores the ispact Intelligent InstruOion^l Systtes 
can have on lechMicQl educatiron. Training cospetent tecfuTicians to repair the 
everchan^ing nusber of devices and technologies on which our society depends is. 
ap iaportant educational goal. The sass disseaination of tomorrow's powerful 
computers saices possible the widespread uA of sisulatlbns in tephnical training. 
Just as flight siaulators have long been iaportant in training pilots', We believe 
that electronic siaulatlons, for exaaple, will be equally basic to technidal 
training. * These siaulations provide inexpensive and safe op.portunities for^ 
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students to explore the coaplexities of a device.- 

* * . *• 

The critical MntributioR of the Intelligent lactVucttonal Systea is to 
•onitor and critique siaulated <ests.and repairs sede by. the stud^t. We have 
designed a {Tototype of such a systea called SOPHIE for. a liilted part of jthe 
electronics doi^aln.- SOPHIE presents, the user with <a sleulated circuit to be 
fixerf. The user can sake any aeasureeents he wishes, replace any parts. SOPHIE 
observes these seasureaents and eaploys a deep understanding o^ electronics to 
decide whether a given oeasuresent is needed or a given part replaceaent 
justified. Its tut^T^^l function is to discuss these observations ^ with the 
novice technician. In, essence, it is a iroubleshootlng consultant. The student 
can explore the' device with no possibility of hara, In a private seeing. 

There is another role such consultants^ can, play. Ve believe citizens 
the^elves^ can eeploy coeputer consultants to reduce the alienation engendered Jby 
Bodem technology. SOPHIE-like environaents are fun: it is goite enjoyable to 
take aj^rt a siaulated TV set to s>e how it works. The ^abedded coaputer 
consultant' can provide a guided toor of the device by eabodytng a deep theory of 
the doaerln along with a cognitive theory of what constLtutes coBon sense^ 
understandltig. While citizens will probabAy never actually repair their TV sets, 
they have gained a sense of coasand, of personal power through a better 
ur\derstanding of the devices which they esploy. 

Indeed our vision extends beyond 'consultants for technical repair, to 



siatitations-and coaches for a vast nuabe^r of activities^ our culture incliiding 
flying a' plane, sailing a boat, building a bridge< and even piloting a Bo6n 



shuttle, Horeover we are designing a consultant for the task of progr&aaing 
itself, Y coaputer becoalng a source "ST mystery and alienation*. 1 

Our culture has grown so co'aplex that aany feel it is beyond their 
understanding. Through siaulated world of th^ coaputer » .with the advice and 
aid of an eabedded consultant, a draaatic and beneficial iaproveaent can occur in 

5 . ' 



our uml^standing of the world aroynd us. 

Computers Can Serve As Assistants^ 

The second prototype is an Intelligent Instructional Systes capable of 
diagnosing the underlying cause of errors in a student's basic arithoetic skills • 

Below is a set of problems a yodng stutlent, Johnpy» was given in a screening 

test. All of the aiswers are wrong. Wot surprisingly, the teacher concluded 

that Johnny could not ai^d. - - • 

♦ • 
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28,991 



But the .teacher was not correct. For Johnny had a perfectly reasonable 
procetlure for addition; ir*jast had one ^sall bug. (See Note 2.) Johnny was 
only one ssall step away froa a correct procedure, a fact that the teacher failed 
to observe for east of the entire schopl year. The failing grade produced by 
traditional evaluation neither diagnosed the nattlfe of Johnny's aisunderstanding 
nor helped hlo' to* debug^ it./" ^ ' ' ' 

Recently we have desigi)ed a prototype diopj^o^tlc assistant called. BUGGiif th#t 
can construct a deep procedural aode'l of a student's arithMtic skills. "^jftGY 
^xaaines a student's answer/ aiuj^tdsatically grows a diagji'o^tic modet that best 
explains the observed errors. In a reij,ent experiaent, BUGGY analyzed over 10»D00 
problecas done by 1300 students. The results were procedural sodels for each 
student which identified the bugs in that student's arithsetic skills. . Jn 'the 
case of our young student Johnny, BUGGY would have inferred 'why Johnny can't 
add.' «. , • . . ♦ • 

The consequences for standardized tests of the 1980 *s are enoreous. It is 
entirely reasonable tp cohcei^^e of the Current national tests being replaced by 



single most popular use of the hose computer. Hencep they provide a crucial 
point of educational leverage; ' ' - , • 

' ^Thd idea is. this: Soae TV gases provide a challenging and 'active 
educational environment.' However, as with any game, the \)lay&r cetn reach ^ skill 
plateau. Good coaching is then required to move the Itudent off the plateau. 
This is -the function of the Intelligent^. Instructional Sy^tes. \\ provid^s this 
coaching by embodying expertise of the game, eodelling. p^Iayers* skill^» 
diagnosing their plateaus, apd supplying appropriate advicb to help them suraount^^ 
their current difficulties. 

A representative TV g^e for vrhich we have constructed a Basic Skills^ coach 
is a modern day version of^^eseus al^d the Kinotaur.. Play occurs rin a maze of 
caves, in which various dangers reside. To play well, one crast emplay knowledge 
of logic, probability, and geometry to determine thC best move. Thus, the gaine* 
is designed to exercise basic reasoning skills. ' ^ ^ 

It is important that these games provide an active environment that 

captivates children and adults, and that Exercises important intellectual skills « 

J' 

But their revolutionary impact derives *froa our ability to add a cognitive 
copponefft to these systems, a personal coach or kibitzer serving to advise the 
players about what is intellectually significant about their current game 
situations. , - 

To illustrate our prototype coach, suppose Hary, a^youRg player, has re^ed 
a skill plateau. For example, she is not understanding i;he common sense 
heuristic that multiple evidence carries more weight than single evidence for 
competing hypotheses. Our prototype coach can ohserve whether Mary - is 
consistently failing to apply thj.s heurisClc in her^play. If so. the coaq^^ waits 
for an appropriate situation and ^offers advice. For instancet . the coach might 
say: ' ^ ^ 
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single most popular use of the hoiae computer. Hence, they provide a crucial 
point of educational leverage: ' ' - , • . * 

* The Idea Is. this: Sose TV gases provide a challenging and active 
educational environment/ However* as with any garae, the Vlayer can reach ^ skill 
plateau. Good coachfng is then required to sove the Student off the plateau* 
This is -the function bf the Intelligent.. Instructional Sy^tes. It provides this 
coaching by eabodying expertise of the gase, aodelling. players ' skills, 
tiiagnoslng their plateaus, apd supplying appropriate advlcb to help thes suroount^ 
their current difficulties. 

A representative TV g^e for vrhich we h^ave constructed a Basic Skills* coach 
Is a modern day version of^Theseus aftd the Minotaur.. Play occurs rin a maze of 
caves, in which various dangers reside r To play well, one must eaplay knowledge 
of logic, probability, and geometry to determine th^, best sove. Thus, the game* 
is designed to exercise basic reasoning skills. ' ^ 

It is Important that these games provide an active environment that 
captivates children and adults, and that Exercises important Intellectual skills. 
But their revolutionary impact derives 'from our ability to add a cognitive 
component to these systems, a personal coach* of kibitzer serving to advise the 
players "about what is intellectually significant about their current game 
situations. .' ' ' • , 

To Illustrate our prototype coach, suppose Hary, a^ young player> has reafched 
a skill plateau. For example, she is not' understanding ^he common sense 
heuristic that multiple evidence carries more weight than single evidence for 
cOBpeting hypotheses. Our prototype coach can ohserve whether * Hary - is 
consistently failing to apply this heurisClc in her^play. If so, the poacjr waits 
for an appropriate situation and ^offers advice. For instance,, the coach might 
say: ' ii ^ 
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Hark, it isn't necessary to take such large risks \»ith the 
Hinotaur. You have multiple evidence ^that the Hinotaur is in 
cave 14 (\9here you i»ant to yqh\thich makes it ' quite Likely that 
the bea^st is there. ^ ft is less likely that cave O^contalns the 
^Hinotaur. SencerHary, m might \8ant to explore cave 0 instead. 

In the absence of such advice, Hary sight be long delayed in acquiring \his 
l^euristic and the other basic skills exercised by the geyae. In a natural way, 
the computer coach marries education to recreation. 

Of course, a human co£(ch could ^Iso perform this function. But this is not 
practical when one realizes that these games will be4l^ the home, played as 

"S , « 

I 

recreation by any member of the family at any time. 

Naturally, there are many ^subtleties in creating a^^ successful computer 
coach: the coach mj^st not interrupt too often, it must not give exp^lanations 
that are too lea^^thy. and it must retain a rapport with the student. To th/s 
^nd, are constructing a procedural theory of the teacher that takes account of 
such considerations. It is a difficult enterprise and much work remains to by 
done. But^it offers the possibility of making* the computer the ultimate in 
congenial tools, one that is sensitive and responsive to its user, 

HINOTAUR is only one game among maTiy that we could tiave discussed. For 
example, ne have constrjjcted computer coaches for the PLATO project's arithmetic 
game 'How the West was Won" and the math educates game of "AttributeVBlocks* • 
Rather than relying on canned responses, all of these coaches embody an ability 
to construct diagnostic models^ of the strengths and weaknesses of the student's 
play^ and techniques for generating explanations for any situation that cay arise 
in the game. ^ 

. The potential fterjb is enormous. laaginet ^for a nonent, taa^ thousand 
computer activities/ *^ al^ intellectually challenging, all different* Now 
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, - I . ' . ^ 

imagine tens of million's ot citizens engagkig in these activities as recreation. 

'And finally, add to this vision «the availability of the poaches. Explicitly, the 

coaches provide advice to improve play; they serve a recreatiQ(ial purpose. But» 

implicitly* an educational purpose of^ the most profound kind is being served. In 

essence, we are creating a new environment for learning, centered* in thil home and 

equipped with personal lutdrs available on demand. This han^ds-on environment is 

' useful for^ all , citizens and may be ideal for reaching tKat segment of the 

population for v^lch the classical schoolroom situation has failed. We believe 

that such personal compu^ters will have li major impact in the sociology of 

learnilig by enabling the home to asjume a new Importance as k center, of 

education. 

A New Science of Learning Is Emerging , / 

( Let us now step^back from ttfese examples of Intelligent Instructional 
Systems. We have organized our discussion around them to give a ^concrete feel' 

for the future we^nvision. But such an organization conveys only itbplipitly the 

i , . ' ' * • . - . 

Bkost important, cllvacteristic of this enterprise, which is that we believe a new 

science of learning and of teaching is emerging from this research. I^ goes 

beyond traditional^ psychology «iin its pervasive use of the^ procedural metaphor, 

beyond traditional education in its employment of new learning envirj>nm6hts, and 

beyond traditional computer science in its focus on personal computing. Already 

it holds the promftse of transforming educational evaluation, of reformulating 

technical curricula, and of diminishing the difference between recreation end 

education. v 

Its fundamental co^ntribution is to develop tfie concept of building a 

DTOcedural model of the Skills of the learner. It is this model that guided the 

repair advice of our technical consultant, the diagnoses of BUQQftf and the choice 

y 

i oY explanation;^ made our computer game coach. The form and ^structure* of 



procedural models of the learning process can have impact ouch on the content 
0/ education as on tM development of a new computer-based methodology. Thus» 
^the deepest significance of fatelligent Instructional Systems in a learning 
societV is that the cj)gnitive component underlying these systems not only 
revolutionizes the methods of education, but its very content. 

Placed otExcellence to Explore This Future Must Be Created 

V 

Now we will turn to the question of the issues of public policy ratsetl by 
this* coming explosion of computing power. Consid^ing the potential impact of 
tjve computer revolution on the student, the schools, and the family itself, ^we 
bWtleve it is urgent that^ a major program for researc|i into the theory and 
technology of computers in a learning society be established.] 

Currjjntly, tbfe major source of support for this research is^ the Department 
of Defence (see Note 3^) where it ha$ been correctly perceived that powerful 
computing can serve ^a critical function in tnilitaru manpower training ajid 
augmentation. But if we are to consider this imminent revolution from the 
perspective of its impact on the schools and on the family, a new civilian 
jlproijram must be established. 

Small projects' ha^e been funded by NSF and NIE^ but they ar^e below critical 
mass. We beltVe centers of excellence should be established where* the fuU 
possibilities of 1980's technology can be explored today. (See Note 4.) 

Such centers will*1)e expensive,* for they will requirl^the most advanced 
technology. Less ex{)ensive, but less powerful prototypes are poiiitless^ for they 
. w^ll not reflect the resources available to the average home within even five 
years froip today. ^ ^ 

To some, this might suggest that we wait until the t^80's to pursue this 
res^arch^ when the technology Is inexpensive. But while hardware is getting 
cheaper » the basic breakthroughs in cognitive understanding are, not being made. 



^Wg can wait, and risk -a vast wasteland of home computing. Or we can begin to 
understand *the Issues now. The cost Is iDsigriif leant compared to the hatt-onal' 
Inves.tment soon to b« made In these hoiae "^ompi^ters • The cost -is . als0" 
V Insignifilcant compared td the chaage that v<lll occur In -^he educational,. 
- recreational, *and professional -lives dfour citizens. 



I A Frontier of the Mind rs Being Opened 



• , In closing, we wish to stress that the revolutionary transformation of 
learning in' our society that is posrsiblia for th'e 1980*s is not 'Simply a 

.cons|quencQ* of the incredible computer technology that will be available then. 
It would not revolutionize education, for example, to place the Encyclopedia 

' 3ritannlca within the memory banks of every home, computer* iWhile^tbis may be 



worthwhile/ it would not be qualitatively different from /'plEpcing the books 
• themselves in the home. ^ ^ \^ * 



/ 



The unique quarllty of the com^t^ that does make possible i rei^utlon is 

* * * 

that it can serve- as a cognitive tool . It can be an active agent a servant, 

jL * 

assistlfntt consultant: or pqach — in a way that books and television cannot. 

/ if. 

With ylsion» with planning, with dedicated research, our citizens can be 
employing this tool to openU^^new frontier of the mind within a decade. 

Selected Bibliography 

Oif^ytntel'ligent Instructional SystelfiS: 

Brown, J. S,, •Uses i)f Artifrcial Intelligence and Advanced Computer tethnology in 
Education", 1ft Coroputers and Cbniaunlcations; jfeplicatlons to *Educatlon » 
. Academic Press 1977. 

' r ' % 

Goldsteiii, I. P. "The Computer as Coachr an- Athletic Paradigm for Int'ellectual 
Education", Proceedfncs of .the Fall Con-fereace of ' the Association for 
. Computing Machinery, October 1977. ' ' • V 

/ . ' 

Oj¥ Computer Coaches t ' ^ 

Burton, R*R« & J.S. Brown* "A Tutoring and Studeht Modelling Paradigm for Gaialng 



page 11 



Environments", In R. Coleman and P. Lqrton, Jr, (Eds.), Ct)mputec Science and 
Education . SIGCSE Bulletin^ Vol. 8, No.. 1, -February 1976, pp. 236-Z46. 



On Computer Consultantst ' ^ \ 

Brown, J.S. & R.R. Burtpn, "Multiple Representations of Knowlec^pe for Tutorial 
Reasoning", in /D. 3obraw h A. Collins (Eds. J, Representations and ^ 
Understanding Studies in Cognitive* Science, llew York: Academic Pr* 



Brown, J.S. & R.R. Burton, 'Diagnostic Models for Procedural Bu^V^SpBi^lc 
Hathematical Skills', ICAJ No. 10, Bolt Beranek and Newman, August, 1?77. 




Notes 



Note 1; The History of intelligent Instructional Systems 

* ' Intelligent Instructional Systems represent a new^neration of learner^ 
based computer aided instruction, preceded In time by the original Jrame^tiased 
syitem and an, intervening generation of expert-base'd CAI . The followinfl table 
characterizes the history of CAI in terms of these three generations. 



FRAHE-BASED CAI EXPERT-BASED CAI LEARNER-BAS^D CAI 



PLATO 
TICCIT 



ABLOCJCS-I 

SCHOLAR 

SOPHIZ 

EXCHECK 

WUMPUS '* 

BIP.- 



WEST 

-r-> A3L0CKS-II 

— > WHY 

— > SOPHIE-IU 

— ^ HINOTA^...* 
— > 8I?-I1^ ■ 



.The Frame-based Period occupied most of the sixties and even today remains 
the dominant paradigm outside the research environment. Programs developed 
within this era were typically. organized as a decision tree of multiple choice 
questions, with the student's responses determining whi^ch path in the tree is 
talcen. These CAI programs were the first exploratioiis of the cpmputer as an 
educational tool. They were in some cases able to provide lAteresting learning 
environments^ for 'example the fruit fly simulation of PLATO [Bitur et al. 1972]» 
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but were jultlmately limited by an inadequate understanding of the problem domain 
being' taught » Vnd inadequate models of the teaching and learning processes. .The 
paradigm of this period was to develop tutor - languages to facilitate the de'sign 
,of scripts by teachers for their domains. Suth an approach to CAI remains useful 
in certain contexts, but to acKieve a new plateau of performance, a new design 
philosophy is necessary. .... 

The Expert' liasei Periofi represents the shift to a new paradigm in which the 

* • • ' _ 

goal is to embed genuine domain expertise in the CM program. Three benchmark ^ 
efforts in this category, each concerned with a very dif/erent kind of expertise, 
are the Logic ahd Set Theory tutors constructed by Suppes €t al . ; ^e geography 
tutor of Carbonell apd Collins; and ther electronics troubleshooting tutor of 
and Burton. • • . ' 

Suppes has been involved with CM since its inception, and hence his work 
spans alL three generations. One of his long standing goals has been tlie 
developm'ent of a proof checker capable of understanding the validity of a * 
Student's proof. With the gradual evolution of machine intellige^ice tecKn^ques, 
he and his collejagues have been able to evolve successively more powerful proof 
checkers [Goldberg and Suppes 1972, Smith et cl. 1975]. Thus, in this case,^ the 
research represents an evolutionary rather than revglutionarj transition troo ' 
f rape-based to expert-based CM. 

Carbonell designed Scholar around 1970 as .a CM system for geography that 
could answer as^well as ask questions. Thd basie theoretical improvement was the 
use of a secmntic net to represent domain knowledge, ^Siece that timet Scholar 
has evolved as a result of the later work by Carbonell, Cotlins and others 
[CarbSnell & Collins 1973^ Collins et oi. 1975]. . : • 

Brown and Burton's SOPHIE system for tutoring 'electronic troubleshooting is ^ 

• " ,/ ' * 

iapressive in teros. of its level of doQ[a£n expertise [Brown et al, 4975]* The 
program is capable of simulating the internal behavior of a power supply, and 

ERIC ^ " 14 . ^ ^ . ^ J 

f 
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hence can answer sost student cquesjtions regarding the state of the device* 

These programs Bade p6ssible a new level of performance. Such CAI tutors 
are not limited to cpmprehension of a highly restricted :^et of stude|| responses; 
rather » through an embedded domain Expert, they are able to comprehend a much 
'* wider set of interactions. 

Recently, a third phase in CAI research hai begun, characterized by-'the 
inclusion- oT expertise in the tutor regarding the students 4eQrning behat;iorr and^ 
.possible tutorial strategies. In the above table, this generatien i^ referred to^ 
as Learfer-bQsed CAI to emphasize the use of AI techniques in the modelling and 
tutoring components as we.ll as in the Expert module* Within this contextt 
Collins [1976] has investigated computational models for Socratic tutoring 
strategies. Burton and Browa [1976] in a tutoring program called VEST hav& 



in 



trodijced issue-oriented models of the studerrt's knowledge, techniques for 
automaj/ically inferring such modeli^ from a student's behavior, and strategies for 
using this model to control the tutoring component. Atl^inson and others at the 
Institute for Mathematical Studies in the Social Sciences have examined the 
representation of domain expertise as a network in which tasks jdid their 
requisite skills are represented [Barr, Beard *& Atkinson 1975]. In this 
research, the BIP System for tutoring the computer language BASIC, a model is 
^ maintained of the student^s familiarity with various skills, and the ''next task 
posed to the student is done on the basis of which skills are currently known. 

The Intelligent InstructionaL Systems described in these note^ are examples 
o( this new generation and represent an Integrated investigation Into tutoring 
- and Bodelling^ 



Note 2: 



When adding two digits with ,a carry, th^ student wrote down the carry and^ 



threw away the uivits digit* 
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depvti^ent- agencies t|hat have^funded research bn eabedding a 



Note 3: 

De ft 

coj^nitive capability in coaput^er^s serve as tutor or dotisultant are: the' 
Advanced Research Projects Agency, the Office of Naval Research, . the Air Force 
Human Resources Laboratory, the Arsy Research Institute for Behavioral and Social 
Sciences, and' the Kavy Pe^j^onnel R^earc|^and Developsent Center. 

Note 4: . ' ^ \ 

NIE has recently est^lished a center for cognitive studies related' to 
reading comprehension. Although its aanda^e is not to explore the sarriage of 
advanced technology and Intelligent Instructional Systeas, it is producing 
theoretical studies that will be of use In this -endeavor. 



^4 
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